In this study, cellulose microfibers were isolated from bagasse fibers in three stages. Initially, the fibers were treated with 5 wt.% NaOH solution followed by bleaching with 5 wt.% H2O2 in an alkali condition (pH 11) 
■ INTRODUCTION
Researchers are focusing on the preparation and utilization of microfibrillated cellulose (MFC) to produce high-performance nanocomposites given their high mechanical properties, renewability, and high surface area to volume ratios. Furthermore, with the combination of bioplastic matrix, these materials can be made entirely environmentally friendly.
Cellulose fiber is acquired from a variety of sources, which include grasses (bamboo, bagasse, rice etc.), leaf fibers (banana, pineapple, sisal etc.), wood (hardwood and softwood), seed fibers (coconut, coir, cotton etc.), bast fibers (flax, ramie, hemp, jute etc.), marine animals (tunicate), fungi, algae, invertebrate and bacteria [1] [2] . Accordingly, cellulose fiber can be converted to different nanostructures with various physical properties, depending on the cellulose source and the production method. The primary source of MFC has been wood pulp fibers, subjected to mechanical treatment to produce nanofibers. MFC production methods consist of several operational stages by specialized devices requiring high energy consumption. Notably, less contain of lignin make non-wood plants receiving increasing attention as potential sources of cellulose and consequently, purification processes of the fiber are much easier and avoid damage to the cellulose. Moreover, it can reduce energy consumption for fibrillation of such cellulose.
Bagasse is a type of non-wood plant obtained after sucrose is extracted from the sugar cane plant. The fiber is insoluble in water consisting mostly of cellulose, hemicellulose, and lignin and has high cellulose content, which is easily isolated from other elements such as, hemicellulose and lignin by delignification and bleaching processes.
The mechanical disintegration method (e.g. highpressure homogenizer, microfluidizer, grinder, twin screw kneader, ball mill, and mechanical stirrer) has been introduced as one of the methods to facilitate the disintegration of cellulose into nanofibers [3] . However, many methods are facing difficulties given the mechanical force required to produce nanofibrillation, which can potentially lead to fiber damage, rather than elementary fibril disintegration. Consequently, it further produces MFC with a low degree of crystallinity, and aspect ratio resulting in relatively weak mechanical properties of the fiber. The combination of the chemical pre-treatment and mechanical disintegration methods using blender have been introduced as one of the many methods to facilitate the disintegration of cellulose into nanofibers and in-turn, reduce overall energy consumption. Uetani and Yano successfully used a high-speed blender to produce cellulose nanofibers with a diameter of 15-20 nm from bleached softwood pulp by blending at various cellulose concentrations (up 1.5 wt.%), with stirring speeds of 37,000, 10,000, and 5,000 rpm, respectively, and with a duration time up to 2 h [4] . Chaker et al. investigated the production of cellulose nanofiber by blending of 2% cellulose suspension for 20 min and the result was comparable to a suspension passed 10 times at 600 bar in homogenizer [5] . Jiang and Hsieh investigated blending of cellulose suspension from rice straw at 37,000 rpm for various durations up to 2 h to obtain cellulose nanofiber having a diameter of 2.7 nm, a length of 100-200 nm, the diameter of 8.5 nm and length of several micrometers [6] . Nakagaito et al. improved the design of the blender container to reduce the blending time, resulting in the nanofibrillation treatment process being achieved in a much shorter timeframe [7] . However, no report has been found on the effect of using six cutting blades rotating of the blender on the preparation of MFC from bagasse fibers.
In this study, modifying an original 2 L container (bottle) by reducing its capacity by half (i.e. 1 L) as introduced by Nakagaito et al. [7] and using a stainless steel six cutting blades rotating at the bottom of the blender bottle is proposed to optimize the fibrillation of bagasse fiber. The effect of the agitation time on surface topography and morphology were characterized using SEM, TEM, chemical and physical FTIR spectroscopy, XRD, and thermal properties thermogravimetric analysis (TG and DTG). Image analysis of the resulting product was conducted using ImageJ software to investigate the diameter of the fibers' where it was observed that cellulose microfibers were obtained by using the combination of chemical and mechanical treatments which would be suitable in manufacturing biocomposites for various applications.
■ EXPERIMENTAL SECTION

Materials
Sugarcane bagasse was obtained from the Madu Baru sugar factory (Yogyakarta, Indonesia). For pretreatment and bleaching of the fibers, sodium hydroxide (NaOH) and hydrogen peroxide (H2O2) solutions were used. A Philips HR2096 800 W (21,000 rpm) household blender was used for mechanical fibrillation.
Instrumentation
Fourier transform infrared spectroscopy (FTIR)
FTIR spectra were obtained using a Shimadzu IR Prestige 21 Fourier transform infrared spectrometer. The samples were analyzed in a spectral region between 4000 and 400 cm -1 , at a resolution of 2 cm -1 , performing 20 scans.
Scanning electron microscopy (SEM)
The morphological structure of bagasse fiber before and after chemical and mechanical treatment was investigated using a Scanning Electron Microscope (SEM), (JEOL Ltd., JSM-6510LA). The samples were placed on carbon tapes and coated with a thin layer of platinum using a Sputter Coater (JEOL Ltd., model JEC-3000 FC).
Transmission electron microscopy (TEM)
The morphological structure of the cellulose nanofiber was investigated using a Transmission Electron Microscope (TEM), (JEOL Ltd., JEM-1400).
Image analysis
The dimensions of cellulose microfibers were measured using freely available (Freeware) ImageJ software (National Institute of Health (NIH), USA) for image analysis.
Thermo gravimetric analysis (TGA)
A DTG-60 Shimadzu was used to study the thermal behavior of the fibers as a function of their weight changes under a controlled atmosphere with an experimental condition of about 10.0 mg of the sample, a heating rate of 10 °C/min using nitrogen as carrier gas.
X-ray diffraction (XRD)
X-Ray diffraction measurements were performed using the Rigaku Miniflex 600 model system. The diffracted intensity of the Cu Kα radiation (0.154 nm, 40 kV, and 15 mA) was measured in the 2θ range of 0-70°, at a scanning speed of 3°/min, and the data recorded every 0.03°. The crystallinity index (Icr) was calculated according to the Segal method [8] 
where Icr is the crystalline index, I002 is the maximum diffraction intensity corresponding to the 002 plane of cellulose crystals I (I002 = 22.5°). The minimum intensity between the 200 and 110 peaks is the diffraction intensity for amorphous cellulose (Iam, 2θ = 18° for cellulose I). The size (width) of the cellulose crystallite was estimated from the width of the peak at 2θ around 22.8° at a half-height, applying the Debye-Scherrer [9] Eq. 2:
where K = 0.9, γ = 1.5406, β is the half-width after curve fitting, and θ is the Bragg angle for 200 reflections.
Procedure
Fiber pre-treatment
Previously ground (28-48 mesh) Bagasse fibers, were soaked in hot water at 80 °C for 2 h, to remove any dirt and other soluble contaminants before drying at 105 °C in an oven for 6 h. The dried fibers were then treated four times with a NaOH solution 5 wt.% at 75 °C under constant agitation for 2 h to remove hemicelluloses and lignin. The weight ratio of the NaOH solution and bagasse was 20:1. The resulting pulp fibers were next washed using distilled water until the water reached the neutral pH level. Next, bleaching was performed twice at 80 °C by adding the pulp fibers obtained previously, into preheated 5 wt.% H2O2 under an alkaline condition (by adding the NaOH solution until the pH level was 11) followed by 1 h of mechanical stirring. The weight ratio of the H2O2 solution and pulp fiber was 20:1. After that, the bleached pulp fibers were washed with distilled water to achieve neutrality.
Fibrillation process
A suspension of pulp fibers was agitated using a household blender (Philips HR2096 800 W) with an operating speed of around 21,000 rpm, in which the stainless steel six cutting blades rotates in a recessed section at the bottom of a modified bottle, with a capacity of 1 L.
Next, fibrillating 500 mL of bagasse fiber pulp aqueous suspension with a fiber content of 0.4 wt.% and agitation speed of 21,000 rpm was carried out. The agitation time was set to 1, 3, 5, 10, 20, and 30 min, respectively. Fig. 1 illustrates the absorption spectrum on the infrared region of the raw bagasse fiber (SCB), alkalitreated fibers (ATF), bleached fibers (BF), and cellulose fibers agitated for 10 min (AG-10). In raw bagasse fiber, dominant peaks of OH-stretching and CH-stretching were observed at around 3400 and 2900 cm -1 respectively. A sharp peak at 1728 cm -1 is characteristic of the carbonyl band (C=O) of hemicellulose in sugarcane bagasse. The peak also indicates the ester linkage of the carboxylic group in the ferulic and p-coumaric acid of lignin and hemicellulose [10] . The peak at 1427 cm -1 is representative of the symmetric deformation of the CH2 group of cellulose, while the peak at 1249 cm -1 corresponds to the C-O stretching of the aryl group in lignin. The absence of any peaks at 1728 and 1249 cm -1 for ATF and BF confirmed the removal of lignin and hemicellulose during the bleaching process [11] [12] .
However, the FTIR spectra of AG-10 displayed sharp peaks which are like the spectra observed in BF. The peak observed in the spectra of AG-10 in the area 1649-1634 cm -1 is because of the O-H bending absorbing water [13] . Also, the band appearing at 1430-1420 cm (related with the cellulosic β-glycosidic linkages). The spectra bands observed at 1428 and 898 cm -1 displayed significant cellulose I content.
The crystallinity of the samples can be analyzed by FTIR spectral peaks [14] . The band at the 850-1500 cm -1 region is observed to be quite sensitive to the crystal structure of the cellulose of cellulosic material [15] . The spectral bands at 1420-1430 and 893-897 cm -1 are extremely important to explain the crystal structure of cellulosic material [14] . The spectral ratio, 1420/893 cm -1 shows the index of crystallinity [12] or the Lateral Order Index (LOI) [16] , and the spectral ratio 1375/2900 cm -1 represents the Total Crystallinity Index (TCI) [17] [18] . The spectral ratio 1430/897 cm -1 in the cellulosic samples indicates the presence of cellulose I fraction [19] . The higher value of the LOI and TCI, suggest that the material contains a highly crystalline and ordered structure [20] . The spectral ratio 1430/897 cm -1 is low in the case of BF compared to SCB due to the chemical treatment carried out, which possibly disturbed the order of the structure. In the case of AG-10, it increases to a higher value which could be due to the removal of some amorphous of cellulose, while the spectral ratio 1375/2900 cm -1 increased from SCB to AG-10, as shown in Table 1 . Fig. 2 displays the SEM photomicrographs of raw bagasse fibers (SCB) (Fig. 2(a) ) and after bleaching with 5 vol.% hydrogen peroxide (H2O2) concentration at pH 11 (BF) (Fig. 2(b) ). The SCB were composed of individual fibers linked together by lignin. Fig. 2(b) displays the morphology of the BF during the bleaching treatment process, where the impurities, hemicellulose, and lignin were removed. In fact, most impurities around the fiber were removed, which in-turn, induced the separation of fiber bundles into individual fibers. Fig. 2(c-g) show that the fiber fraction was reduced and the fibrillated fraction increased with increasing agitation time. Fig. 2 (h) displays the fibrillated part of AG-10. The fiber dimensions isolated from the bagasse appeared to be less uniform from 20 nm to 20 µm. The fibers are often aggregated, and the individual fibers in the range of 7-20 nm (Fig. 2(h) ). Microfibrils were also observed in AG-20 and AG-30 where fiber fraction was reduced, and the portion of microfibrils increased with increasing agitation time. The same phenomenon in the treated fiber by the blender for extended periods was also reported by Uetani and Yano [4] . Fig. 3 illustrates the XRD diffraction pattern of raw bagasse fiber, with chemically pre-treated NaOH and NaOH, followed by bleaching with H2O2 treatment in an alkali condition (pH 11).
Morphological Investigation
XRD Result
These samples exhibited a peak 2θ = 14.5 to 15.3° assigned to the (1-10) crystallographic plane; 2θ = 15.7 to 16.30° assigned to the (110) crystallographic plane; 2θ = 21.90 to 22.20° assigned to the (220) crystallographic plane; and 2θ = 34.6° assigned to the (004) crystallographic plane of cellulose I [21] [22] .
Notably, the degree of crystallinity is one of the most important crystalline structure parameters. The rigidity of cellulose fibers increases with the increasing ratio of crystalline to amorphous regions [23] . The crystallinity index of the samples was calculated according to the Segal method (Eq. 1). The crystallinity index of the raw material (SCB) was calculated as 40.54% and increased in the case of pre-treated fibers (ATF) to 65.63% (due to the removal of hemicelluloses and lignin as the amorphous part). Moreover, it was 77.25% in the case of bleached fibers (BF) in which the remaining amorphous part was removed during the bleaching treatment. The results of the crystallinity degree obtained The degree of crystallinity of untreated and treated fiber (as a function of the agitation time), (Fig. 4) was next examined to evaluate the effect of chemical and mechanical agitation. The increasing crystallinity following the bleaching treatment (0 min of agitation) to a higher value was due to the removal of significant parts like hemicellulose and lignin, from the amorphous components. Negligible difference was observed for any crystallinity of the fiber agitated for 1 to 30 min compared to the bleaching fiber, therefore, indicating that mechanical treatment using a blender does not adversely affect crystallinity. Processing of the XRD profiles applying Scherrer's equation (Eq. (2)) revealed that the cellulose crystallite size in the bleaching fiber (2.96 nm) drastically increased which is almost twice as high compared to untreated fiber (1.55 nm). Notwithstanding, the cellulose crystallite size found in the fiber increased slightly (around 3.35 nm) with agitation using a blender. The marginal change in the crystal structure and crystallinity of the fiber is similar to the result reported by Uetani and Yano [4] , confirming that fibrillation (mechanical treatment) by a blender causes less damage to the crystalline structure of cellulose. The increase in the thermal stability of 35 °C for AG-1, 50 °C for AG-10 and 60 °C for AG-30 compared to SCB was due to the removal of extractives from the bagasse biomass and/or removal of hemicellulose during chemical treatments, which decomposes before the cellulose and lignin, thereby resulting in high thermal stability.
Thermogravimetric Result
Extractives are compounds that accelerate the degradation process of bagasse because it can promote the ignitability of bagasse at lower temperatures [21] . The TGA results showed that the order of thermal stability was SCB < AG-1 < AG-10 < AG-30. The maximum degradation temperature was 335 and 353 °C for SCB and AG-1, respectively, while the maximum peak degradation temperature of AG-10 and AG-30 was observed to be 356 °C. Accordingly, this means that chemical treatment followed by mechanical treatment of cellulose fibers acquires higher thermal stability than that of the raw bagasse sample. The treatment with NaOH and H2O2 removes the hemicellulose and lignin. A further increase in the thermal stability of AG-1, AG-10, and AG-30 is also due to the slight increase in the crystalline structure of cellulose, which forms during mechanical treatment (colliding between fibers and the rotating blades of the blender). This is due to the separation of the individual cellulose fibers into sub-micron and/or nanofiber bundles. Moreover, it was also proven by the XRD profile analysis (Fig. 5) , which showed that the cellulose agitated for 30 min (AG-30) sample had slightly higher crystallinity than the sample agitated for 10 min (AG-10) and 1 min (AG-1).
Accordingly, the result agrees with the findings of Kim et al. [24] where they found, that thermal decomposition of cellulose shifted to higher (elevated) temperatures with an increasing crystallinity index and crystallite size. The residue remained at 600 °C for raw bagasse, treated cellulose AG-1, AG-10, and AG-30 is 24, 6, 4, and 9 wt.%, respectively. The larger amount of residue at 600 °C observed in the raw bagasse fibers compared to the treated fibers was primarily may due to the presence of ash as well as the decomposition of lignin.
■ CONCLUSION
Cellulose fibers were obtained from sugarcane bagasse fibers by the treatment of alkali and chlorine free bleaching and characterized by FTIR spectroscopy and microscopic observation. Cellulose microfibers were successfully extracted from the purified material by agitation using a modified household blender. The modification blender bottle with a capacity of 1 liter and six cutting blades rotating in a recessed section at the bottom of the bottle can reduce energy consumption for fibrillation of cellulose. It was also observed that mechanical treatment using a modified household blender does not adversely affect the crystallinity and crystal size of the fiber as the diameter is in the range of 20 nm to 20 µm. Thermogravimetric analysis confirmed the improved thermal stability for cellulose microfibers after chemical and mechanical treatments, resulting in greater potency in the manufacturing of biocomposites for various applications.
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